Background

56
The concept of service life is not unequivocal, and different authors present slightly 57 different approaches to this concept. According to Masters and Brandt (1987) , the service The deterministic methods are based on the elements' degradation factors and their 72 deterioration mechanisms. To each degradation factor, a relative importance or weight is 73 assigned, which is later incorporated in formulas that express the action of the degradation 74 mechanisms over time. Within deterministic methods, the factor method is the most widely 75 used and recognized method, which was initially proposed by the Architectural Institute of 76 Japan (AIJ 1993) , in the guide to life planning of materials and components of buildings. 77 Currently, this method is considered the general framework for service life estimation of 78 building components, and is the methodology prescribed by the international standard for 79 durability (ISO 15686: 2011) . 80 This method is usually criticized due to the high dependence on deterministic factors, 81 the great sensitivity to small variations of the data and the lack of instructions for 82 determining the reference service life and the quantification of the modifying factors 83 (Rudbeck 1999; Hovde 2005; Silva et al. 2016) . 84 The graphical method is other example of a deterministic model, and it is the model 85 used in this study. This empirical method is based on the definition of degradation curves, 86 which are intended to describe the evolution of degradation of materials and components 87 over time (Shohet and Paciuk 2004; Chai et al. 2014) . In general, the quantification of the 88 elements degradation is shown on the vertical axis, and the time since the elements 89 implementation and the inspection date on horizontal axis. The type of curves used to model 90 the building elements' condition varies according to the nature of the degradation 91 phenomenon, and the best possible adjustment should be sought for the dataset present in 92 the degradation graph (Shohet et al. 1999; Chai et al. 2014 For wooden frameworks, since timber is a putrescible material, it is strongly subjected to 160 deterioration that leads to structural disintegration. There are several agents whose action 161 results in the degradation of the wood, namely: atmospheric agents (e.g. moisture, ultraviolet 162 radiation); and biological agents (e.g. rot fungi, molds and termites) (Sousa et al. 2016). 163 In metallic frameworks, the main mechanism of degradation is corrosion. Its occurrence 164 and intensity in the metallic elements depend on several factors, such as: the constituent 165 material; operating conditions (e.g. atmospheric humidity, rainfall); and the aggressiveness 166 of the environment to which it is exposed (e.g. industrial zone, maritime) (Howard and in this study, the degradation levels are established as shown in Table 1 . 226 The estimation of the window frames degradation (S w,wf -the severity of degradation for 227 window frames) is obtained as shown in Equation (1), which is obtained through the sum of 228 the ratio between the weighted degraded dimension of the window frame component and the 229 total dimension of the component with the highest level of degradation.
230
(1)
Where: which there is an intensification and synergy of the degradation phenomena.
322
For wooden and PVC framework, the degradation curve has a convex shape, 323 specifically a potential curve, which is associated with an initially slow degradation 324 phenomena, but whose effects are cumulative. This degradation pattern reflects the 325 greater susceptibility of wooden frameworks to the degradation agents, since the 326 deterioration of the coating rapidly affects the overall performance of the frame. Regarding exposure conditions (Fig. 5) , the span is classified as exposed or protected, For aluminum frames (Fig. 6a) , the northern orientation has the fastest degradation of 382 the window frames, while wooden frames (Fig. 6b) To evaluate the influence of the distance from the sea on window frames' degradation 387 (Fig. 7) , two intervals are considered: i) more than 5 km from the sea; and ii) less than 5 388 km from the sea. By analyzing the curves, window frames located less than 5 km from 389 the sea present a faster degradation path. Nevertheless, when the sample is divided 390 according to the distance from the sea, the ages are not uniformly distributed along the 391 degradation curve, and therefore, the results must be analyzed with some caution. 
Discussion of the results
393
The service life of window frames is evaluated by determining the instant after which 394 these elements reach a degradation condition, considered as inadmissible. In this study, Fig. 8 , an aluminum window frame with a S w,wf equal to 20.7%, 397 and a wooden window frame with a S w,wf equal to 21.5% are shown, illustrating the overall 398 degradation that portrays the end of service life of window frames. Therefore, the 399 estimated service life of the window frames is thus calculated through the intersection of 400 this limit with the overall degradation curve.
401
The most severe anomalies, with higher impact for establishing the end of service life 402 of window frames, are: i) for aluminum frames, the deterioration of sealings and 403 mechanisms; and ii) for wooden frames, the absence of the putty seal in the lower rim, 404 where there is more accumulation of rainwater, the aging of the wood also in the lower 405 rim and the existence of clearances between the movable and fixed rim. 
